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บทคดัย่อ 
 ถัว่แขก (Phaseolus vulgaris L.) หลงัการเกบ็เกี่ยวเสื่อมคุณภาพจากการสูญเสยีสเีขยีว เกดิสนี ้าตาล 
เสียน ้าหนักและนิ่มลงของเนื้อสมัผัส งานวิจัยนี้มีวัตถุประสงค์เพื่อศึกษาผลของการปรับสภาพบรรยากาศ  
(ลดออกซิเจน (O2) ร่วมกบัเพิ่มคาร์บอนไดออกไซด์ (CO2)) ต่อคุณภาพถัว่แขกเก็บที่อุณหภูมิ 8 °ซ สภาวะ
การศกึษาคอื O2 ต ่า (2, 5%) ร่วมกบั CO2 สงู (4, 7, 10%) และสภาวะ O2  ปกต ิ(21%) + 10% CO2 และสภาวะ 
2% O2 + CO2 ปกต ิ(0.03%) โดยพบว่าถัว่แขกที ่8 °ซ ในอากาศปกตมิอีตัราการหายใจ 82.44 mgCO2 kg-1 h-1 
ขณะทีต่วัอย่างในสภาวะปรบับรรยากาศมคี่าลดลงอยู่ในช่วง 5.52 - 66.70 mgCO2 kg-1 h-1 โดยไม่เกดิการหายใจ
แบบไรอ้อกซเิจน ซึง่มอีตัราการเกดิเอทานอลอยู่ในระดบัต ่ามาก 5.52-85.37 µL L-1 ทัง้นี้ผลการเพิม่ความเขม้ขน้ 
CO2 เมื่อม ีO2 ในระดบัเดยีวกนัท าให้ค่าสฮีวิ (hue) ลดลง (90.83-108.27) ดชันีสนี ้าตาลเพิม่ขึน้ (52.39-85.33) 
แต่ผลการลด O2 เมื่อม ีCO2 ในระดบัเดยีวกนัช่วยคงค่าสเีขยีวและลดค่าดชันีสนี ้าตาล การใช ้O2 ที ่2% ร่วมกบั 
CO2 ปกต ิ(0.03%) ท าใหต้วัอย่างมสีเีขยีวมากกวา่ ค่าความเป็นกรดเบสคงที ่และมคี่าของแขง็ทีล่ะลายน ้ามากกวา่
ตวัอย่างในสภาวะบรรยากาศอื่น เมื่อเพิม่ความเขม้ขน้ CO2 พบว่าการสูญเสยีน ้าหนักมคี่าเพิม่ขึน้ในช่วง 4.99 - 
7.25% ทัง้นี้ในทุกตวัอย่างมคี่าความเหนียวของเนื้อสมัผสัไม่แตกต่างกนั ดงันัน้การใช้ O2 ที่ 2% ร่วมกบั CO2 
ปกตจิงึเป็นสภาวะทีแ่นะน าใหใ้ชใ้นการปรบับรรยากาศบรรจุภณัฑส์ าหรบัถัว่แขกเกบ็รกัษาที ่8 °ซ นาน 21 วนั 
 
ค าส าคญั: ถัว่แขก  ปรบัสภาพบรรยากาศ  คุณภาพ  อายุการเกบ็รกัษา  ออกซเิจน  คารบ์อนไดออกไซด ์
 
 
 
 
Abstract 
Harvested green bean (Phaseolus vulgaris L.) deteriorates through loss of greenness, browning, 
weight loss, and softening of texture.  The study aimed to investigate the effects of modified atmosphere 
(reduced oxygen (O2) combined with increased carbon dioxide (CO2)) on the quality of green beans stored 
at 8°C. Atmospheres of reduced O2 (2, 5%) and increased CO2 (4, 7, 10%), with additional treatment of 
normal O2 (21%) + 10% CO2, and 2% O2 + normal CO2 (0.03%) were studied. Respiration rate of green 
beans at 8 °C in normal air storage was 82.44 mgCO2 kg-1 h-1 while respiration of all gas treatments were 
much reduced to 5. 52-66. 70 mgCO2 kg-1 h-1 without anaerobic respiration.  Ethanol production for all 
samples was very low (5.52-85.37 µL L-1). Increasing CO2 concentration at equal O2 level caused reduction 
in hue value (90. 83- 108. 27) , and increased browning index (52. 39-85. 33) .  However, reduction of O2 
concentration at equal CO2 level retained greenness and minimized browning index.  Use of 2% O2 + 
normal (0.03%) CO2 resulted in more greenness, stable pH and higher total soluble solids as compared to 
other treatments. Weight loss increased (4.99-7.25%) with increasing CO2 concentration. There was no 
significant difference in toughness of beans for all treatments. Therefore 2% O2 combined with normal CO2 
is recommended for modified atmosphere packaging of green beans stored at 8°C for 21 days. 
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Introduction 
Green bean (Phaseolus vulgaris L. )  is a good source of nutrients i. e. , protein, fiber, calcium, 
magnesium, phosphorous and vitamins [1]. Loss of green bean qualities after harvest is mainly due to the 
high respiration rate of the pod’ s immature seeds [2] .  Cantwell and Suslow [3]  reported that water loss 
was another major post-harvest problem.  Browning from physical handling injuries, loss of green color 
from chlorophyll degradation and texture softening are also the symptoms of quality deterioration of green 
bean.  An optimum storage temperature of 5- 7. 5°C and a relative humidity of 95- 100%  has been 
recommended with an expected shelf-life of 8-12 days [3]. Modified atmosphere packaging and controlled 
atmosphere storage [ 4]  has been used for prolonging shelf life of fresh produce through reduction of its 
physiological activity and minimization of handling and mechanical damages.  The respiration rates and 
ethylene production of apple and pear under controlled atmosphere storage were suppressed, which help 
maintained quality and shelf life of the fruits [5]. 
For green beans, storage condition up to 30% CO2 treatment for 24 hours at 27°C gave better 
color, flavor and less sloughing.  Small discoloration was due to less phenolase and phenolic activity [ 6] .  
Shelf life of green bean prolonged to 22 days at 1% O2 + 3% CO2 at 8°C due to retention of chlorophyll, 
carotenoids and pod appearance [7]. A gas combination of 3% O2 + 3% CO2 at 8°C and 98% RH retained 
higher carbohydrates, total sugars and vitamins during 18 days of storage without any risk of anaerobic 
processes [2]. Groeschel, et al. [8] and Cantwell and Suslow [3] reported that the greatest advantage of 
controlled atmosphere storage of green beans was color retention by reducing the rate of chlorophyll 
degradation. A range of gas concentration of 2-3% O2 and 4-7% CO2 at temperature range of 5-10°C has 
 
 
been recommended as an ideal for green beans [8] .  Previous works [2-3] , [6-8]  on green beans were 
focused on controlled atmosphere conditions for long term storage, with little information on modified 
atmosphere effects.  Finding the optimum gas mixing concentration of oxygen and carbon dioxide that 
effectively retains green bean qualities would be important criteria in designing modified atmosphere 
packaging for retail market of green bean. 
 
Objectives 
This study aimed to determine the effects of different combinations of reduced O2 and increased 
CO2 concentrations on the quality and shelf life of green beans stored at 8°C. 
 
Methods 
 Fresh green beans of the Royal Project Foundation were harvested at Chiangmai Province, 
Northern Thailand and delivered within 24 hours by refrigerated truck to a laboratory at Kasetsart University, 
Bangkok. Fresh green beans were soaked in 200 ppm sodium hypochlorite solution for 10 minutes to 
disinfect any soil microbial. Surface water was then removed and the beans (500 g) were transferred to 
glass jars which was connected to various gas combination. Controlled atmosphere gas mixing system 
(ICA 61 CA system, Tonbridge, Kent, UK) was used to control and regulate the concentrations of O2 and 
CO2 gas with a flow rate of 100 mL min-1 through the sample glass jars. Gas sample was drawn from the 
jars regularly for determination of respiration rate using a gas chromatography 6890N (Agilent 
Technologies, USA). Molecular sieve 5A 80/100 and HayeSep Q 100/120 (Alltech Associates, Inc., USA) 
columns were used with a TCD detector. A 20% CO2 + 5% O2 with balanced nitrogen (Linde Group, 
Thailand) was used as a standard gas. All samples were stored at 8°C for 21 days. 
 Ethanol production of the samples (for an anaerobic respiration indicator) was measured according 
to Khan, et al. [9].  Twenty grams of green bean were blended with 10 mL distilled water, filtering through 
a muslin cloth. Ten mL of aliquot was transferred to 20 mL headspace vial and frozen until used. Frozen 
bean juice were transferred to 50°C water bath for exactly 20 minutes and 0.5 mL of gas from the 
headspace of the vial was injected into the GC 6820 (Agilent Technologies, USA) equipped with DB1 
column and FID detector. An absolute ethanol was used as an internal standard. 
 A Hunter Lab colorimeter (Mini Scan XE, USA) was used for determining the CIE L*a*b* values. 
For each treatment, 5 pods of beans were used and the values were measured from two spots i.e., upper 
half and lower half, of each bean. Browning index (BI) and hue angle (H) were determined according to 
the equations by Kasim and Kasim [10]. 
 
 BI = (100 (X - 0.31)) / 0.17               (1) 
 
where    X = (a* + 1.75 L*) / (5.645 L* + a* - 0.012 b*) 
 
H = arc tan (b*/a*)                           (2) 
 
 
Texture analyzer (TA-XT Plus, Stable Microsystems, UK)  equipped with Volodkewich bite jaws 
(HDP/ 90)  with a test speed of 5 mm/ s and a travel distance of 10 mm was used for determining the 
maximum cutting force as toughness of the green beans [11] with 9 replicates for each sample treatment. 
 Difference in weight of green beans at the beginning of storage (500 ± 5 g)  was calculated for 
percentage weight loss as described by Lucera, et al. [12]. Total Soluble Solids (TSS) was measured by 
a hand held refractometer (Atago, N-1α, 0-32% Brix, Japan). 
 All treatments were done in triplicates and statistical analysis was analyzed by the SPSS software 
(version 15). 
 
Results 
Carbon dioxide production of green beans stored at 8°C ranged between 76.69-89.58 mg CO2 kg-
1 h-1 during the 9 days of storage with an average respiration rate of 82. 44 mgCO2 kg-1 h-1 (Figure 1) . 
Respiration rate of green bean at room temperature (30 ± 2°C) was 175.65 mgCO2 kg-1 h-1 during 4 days 
of storage.  Carbon dioxide production increased exponentially at first 3 hours at the first day and then 
declined from second day.  
Temperature coefficient (Q10)  is a measure of the rate of change in chemical or physiological 
reaction as a consequence of 10°C rise in temperature [13]. The Q10 is expressed as the ratio of a chemical 
reaction at a given temperature to that of the same reaction at a temperature 10 °C lower. The Q10 concept 
allows the calculation of expected respiration rates at a given temperature from a known a known rate at 
another temperature [13]. Temperature coefficient was in the range of 1.20-1.49 when green beans were 
studied (data was not shown) .  It suggested that the respiration rate of the beans increased around 1.20-
1.49 times when the temperature increased from 8°C to 30°C. 
 
Figure 1. Respiration rate of green bean stored at 8°C and room temperature (30 ± 2°C). 
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The respiration rate was in the range of 3.68-130.64 mgCO2 kg-1 h-1 for all gas combination 
treatments. The lowest rate was found in 2% O2 + 0.03% (normal) CO2 (Table 1). In general, combinations 
with high CO2 concentrations caused higher rate of respiration.  
Ethanol production from all stored green beans was low (5.52-85.37 µL L-1). Treatments with 2% 
O2 did not cause anaerobic respiration (Table 2). Higher ethanol production was found in 10% CO2 + 21% 
O2. 
Browning index of fresh green bean was 48.74. Changes of browning index during storage was 
lowest in 2% O2 + 0.03% (normal) CO2 followed by treatments with 2% O2 + 4% CO2 and 5% O2 + 4% 
CO2 (Figure 2). Browning index increased with the storage time particularly for treatments containing higher 
carbon dioxide concentrations. Discoloration of green bean pods were noticed more clearly after 14 days 
of storage in higher CO2 treatments due to greater degree of browning.  
Hue angle of the treated green bean was 108.60 in the beginning of storage. Hue angle of green 
bean stored in 2% O2 + 0.03% CO2 remained almost constant throughout the storage period with minimal 
change. Less change was also found in gas combination of 2% O2 + 4% CO2 and 5% O2 + 4% CO2 on 
21st day (Table 3). High CO2 concentrations caused higher loss of greenness since the highest change of 
hue was exhibited. 
 
Table 1 Respiration rate (mgCO2 kg-1 h-1) of green beans stored at 8°C under different gas combinations 
Treatments Storage time (days) 
 2 12 20 
Air (Control) 29.62±2.98fA 23.92±0.80eB 13.80±1.38eC 
21% O2 + 10% CO2 104.42±7.60aB 130.64±2.76aA 38.64±2.39bC 
2% O2 + 0.03% CO2 3.68±0.80gB 9.66±0.00fA 4.60±0.80fB 
2% O2 + 4% CO2 43.24±5.22eB 81.42±1.38bA 48.76±0.80aB 
2% O2  +7% CO2 65.78±9.19cdA 13.80±2.11fB 15.64±0.80deB 
2% O2 + 10% CO2 79.58±3.19bA 52.44±2.76cB 27.60±1.38cC 
5% O2 + 4% CO2 74.52±1.38bcA 23.46±0.00eC 45.54±4.98aB 
5% O2 + 7% CO2 21.16±4.44fC 52.44±4.98cA 41.40±3.65bB 
5% O2 + 10% CO2 60.26±14.63dA 34.50±2.39dB 19.32±0.00dB 
 
Means in the same column (treatments) with different small superscript, and in the same row (storage 
time) with different capital superscript are significantly different at p < 0.05 by DMRT 
 
 
 
 
 
Table 2 Ethanol productions (µL L-1) of green beans stored at 8°C for 21 days under different gas  
combinations 
 Treatments Storage Time (days) 
 4 7 14 21 
Air (Control) 38.47±10.00a 9.28±2.00bc 11.99±6.00f 16.79±0.00b 
21% O2 + 10% CO2 31.87±15.00ab 47.35±7.00a 85.37±3.00a 66.16±10.00a 
2% O2 + 0.03% CO2 14.84±10.00c 9.05±2.00bc 20.94±4.00f 25.58±20.00b 
2% O2 + 4% CO2 19.49±5.00bc 15.46±8.00b 25.43±2.00ef 25.05±14.00b 
2% O2 + 7% CO2 12.92±3.00c 13.02±6.00bc 17.38±5.00f 18.54±10.00b 
2% O2 + 10% CO2 13.97±2.00c 6.29±1.00bc 42.44±9.00cd 10.76±2.00b 
5% O2 + 4% O2 10.83±2.00c 9.67±6.00bc 55.08±12.00bc 23.58±16.00b 
5% O2 + 7% O2 6.78±2.00c 5.52±0.00c 37.71±10.00de 70.81±5.00a 
5% O2 + 10% O2 42.57±11.00a 10.44±3.00bc 58.40±14.00b 27.91±4.00b 
Means in the same column with different superscript are significantly different at p < 0.05 by DMRT 
 
 
Figure 2. Browning Index of green beans stored at 8°C for 21 days under different gas combinations. 
Vertical bars represent mean ± standard deviation. The values within a bar with different letters are 
significantly different in the same group (by day) at p < 0.05 by DMRT. 
 
Maximum reduction in total soluble solids was observed in high CO2 treatments and control (Table 
3). Storage condition of 2% O2 + 0.03% CO2 had minimal change in total soluble solids on 21 days of 
storage. This combination exhibited a minimal change in pH compared to other treatments as well.  
 
 
There was a significant difference of weight loss among the treatments (p < 0.05). Weight loss 
was in the range of 4.99-7.25% for all combinations at the end of storage (Table 4). There was no significant 
difference of toughness of green beans stored in various gas combinations (Table 4). 
 
Table 3 Hue angle, total soluble solids (TSS) and pH, of green beans stored at 8°C for 21 days under  
different gas combinations 
 
Treatments/Days 
Hue   TSS (°Brix)            pH 
0 21 0 21 0 21 
Air (Control) 108.60A 106.25±0.53aB 2.97A 1.97±0.03cdeB 5.97B 6.29±0.00fA 
21% CO2 + 10% CO2 108.60A 96.69±1.55dB 2.97A 1.87±0.03eB 5.97B 7.38±0.00aA 
2% O2 + 0.03% CO2  108.60A 108.27±0.14aA 2.97A 2.20±0.06aA 5.97B 6.57±0.02dA 
2% O2 + 4% CO2  108.60A 102.21±1.60bB 2.97A 2.13±0.03abB 5.97B 6.44±0.02eA 
2% O2 + 7% CO2  108.60A 91.38±0.96dB 2.97A 2.13±0.03abB 5.97B 6.93±0.01cA 
2% O2 + 10% CO2 108.60A 90.94±0.97dB 2.97A 2.07±0.03bcB 5.97B 7.20±0.01bA 
5% O2 + 4% CO2  108.60A 99.45±2.10cB 2.97A 2.07±0.03bcB 5.97B 6.94±0.02cA 
5% O2 + 7% CO2  108.60A 91.79±1.79dB 2.97A 2.03±0.03bcdB 5.97B 7.22±0.02bA 
5% O2 + 10% CO2  108.60A 90.83±0.11dB 2.97A 1.93±0.03deB 5.97B 7.22±0.01bA 
Means in the same column (treatments) with different small superscript, and in the same row (days) with 
different capital superscript for each quality attribute are significantly different at p < 0.05 by DMRT 
 
Conclusions and Discussion 
Combinations of reduced O2 (2%) with normal CO2 (0.03%) was found to be the best condition in 
retaining greenness and lowering browning index when storing green beans at 8°C for 21 days.  It also 
maintained total soluble solids and pH without causing an anaerobic respiration.  At the same reduced O2 
(2%), increase of CO2 resulted in more loss of greenness, higher browning index, more loss of total soluble 
solids and greater change of pH. 
The respiration rate of green bean in this study (76.69 - 89.58 mgCO2 kg-1 h-1) is similar to green 
beans stored at 8°C for 9 days reported by other study (81.66 mg CO2 kg-1 h-1) [14]. Watada and Morris 
[15] also presented that green beans stored at 5°C and 10 °C had respiration rate of 66 mgCO2 kg-1 h-1 
and 110 mgCO2 kg-1 h-1, respectively. Respiration rate of green bean is very high around 70-100 mgCO2 
kg-1 h-1 at 10°C [15] due to intense metabolic activity of immature seeds inside the pod. 
 
 
 
 
 
 
Table 4 Weight loss and toughness of green beans stored at 8°C for 21 days under different gas  
 combinations  
 
Treatments / Days 
 Weight Loss (%)    Toughness (N) 
0 21 0 21 
Air (Control) 0 4.17±0.12e 368.06±19.97A 341.26±83.45aA 
21% CO2 + 10% CO2 0 5.51±0.29cd 368.06±19.97A 320.50±61.76aA 
2% O2 + 0.03% CO2  0 5.92±0.12bc 368.06±19.97A 262.48±24.31aA 
2% O2 + 4% CO2  0 4.996±0.93d 368.06±19.97A 288.75±117.70aB 
2% O2 + 7% CO2  0 6.44±0.04b 368.06±19.97A 227.75±112.75aB 
2% O2 + 10% CO2 0 5.37±0.42cd 368.06±19.97A 263.71±84.41aA 
5% O2 + 4% CO2  0 5.22±0.39cd 368.06±19.97A 237.69±76.07aB 
5% O2 + 7% CO2  0 7.25±0.26a 368.06±19.97A 317.68±6.83aA 
5% O2 + 10% CO2  0 5.50±0.29cd 368.06±19.97A 335.49±51.18aA 
Means in the same column (treatments) with different small superscript, and in the same row (days) with 
different capital superscript for each quality attribute are significantly different at p < 0.05 by DMRT 
 
The respiration rate of green beans increases with storage temperature [15]. Decreased 
respiration at lower temperatures is due to the decrease in tissue metabolism and decrease in activities of 
enzyme such as polyphenol oxidase, glycolic oxidase and ascorbate oxidase [14]. Most biological reactions 
have a Q10 value of 2 and 3 for temperature between 10 to 30°C [13]. This indicates double or triples 
increase of reaction rate with every 10°C rise. Temperature coefficient (Q10) values for biological processes, 
however, are not constant for wide range of temperatures. Temperature coefficient is usually high between 
0-10°C and constantly decreases to around 1 at a higher temperature range. Higher rate of respiration 
does not necessarily result in higher Q10. For instance, Q10 value of green bean remained at 1 when 
temperature increased from 20-25°C [15]. This indicated that there was no change in reaction in this 
temperature range. 
Treatments with 2% O2 did not cause anaerobic respiration. Ethanol production from apples stored 
in controlled atmospheres was 20-25 µL L-1. This level was low and did not give any symptoms of an 
anaerobic respiration during the storage [17]. Higher ethanol production found in 21% O2 + 10% CO2 in 
our experiment is similar with findings of Khan, et al., [9] for longan fruits stored under controlled 
atmosphere conditions. The increase of ethanol production in the gas combination could be due to stress 
level caused by controlled atmospheres [18]. Therefore, increase of CO2 concentrations has a limitation 
when anaerobic respiration is concerned. 
Hue angle of 150°-90° represents green colour while angle below 90° indicates yellowness. 
Decrease in hue value indicates a reduction in greenness and turns to more yellowness [19]. Modified 
atmospheres storage of broccoli with reduced O2 (10% O2 + 5% CO2) retained more chlorophyll and 
 
 
resulted in overall maintenance of quality compared to control [20]. Green tomato stored under controlled 
atmosphere condition of 5% O2 + 10% CO2 maintained better greenness [21]. Oxygen is required for 
synthesis of enzymes pheophorbide ‘a’ oxygenase and also acts as a substrate in chlorophyll degradation 
mechanism [22]. This lower oxygen retards the chlorophyll breakdown and retains greenness of the treated 
beans. 
Browning index (BI) indicates chemical change and increase of brown color in fresh cut fruits and 
vegetables during storage or processing [23]. Effects of CO2 on browning index is similar to the work of 
Costa, et al. [24] who reported that CO2 injury in green bean occurred within 14 days of storage at 8°C 
(20% CO2 + 2% O2). But in the present study, CO2 injury occurred when storing in conditions containing 
more than 7% CO2 at 8°C during the 21 days storage. This could be due to different variety of green bean. 
Costa, et al. [24] stated that sensitivity to CO2 injury depended on green bean cultivars. High CO2 
concentration increased brown stain and necrosis on butter head lettuce and the degree of susceptibility 
differed among the cultivars [25]. Extreme CO2 atmospheres might reduce the energy status of cells and 
induce breakage of cellular integrity. This released the polyphenol oxidase enzymes and phenols from the 
cells and reacted in browning reactions [26]. 
Guo, et al. [14] reported a general drop in total soluble solids due to utilization of sugars in 
respiration during storage of green beans. All gas combination treatments resulted in reduced total soluble 
solids in green beans (Table 3). Higher reduction of total soluble solids in higher CO2 treatments could be 
due to high CO2 injury and respiration rate. Increase of hydrolysis and glycolysis reactions resulted in 
utilization of sugars [27]. Higher reduction of total soluble solids in control might be due to higher rate of 
respiration under abundant supply of O2.  
A minimal change of pH in gas combination of 2% O2 + normal CO2 could be due to reduction of 
respiration rate. Higher CO2 treatments (>7%) induced greater increase in pH (Table 3). This is similar to 
the work of Sanchez-Mata, et al. [28] who reported the reduction in ascorbic acid during the controlled 
atmosphere storage of green beans. The loss of ascorbic acid during storage was enhanced by the activity 
of ascorbate oxidase. The change in pH could indicate depletion of acids due to numerous reactions 
including utilization of acids in respiration. This might also be due to increase of senescence from the 
physiological stress created under high CO2 concentrations. 
Weight loss (4.99-7.25%) at the end of storage (Table 4) was below the critical level described 
for green beans. Green beans became unmarketable after 10-12% of their weight loss [3]. 
There was no significant difference (p < 0.05) in toughness of beans (Table 4) for all treatments. 
Use of blades for cutting in texture determination may not detect small changes in the texture of green 
beans. The use of other measuring techniques and probes could be taken into consideration for green 
beans kept in various atmospheric conditions. 
The findings indicated that reduced oxygen (2% O2)  combined with normal CO2 had beneficial 
effects on reducing physiological respiration and retaining bean qualities.  Increase of CO2 concentration 
was not effective because it caused undesirable browning and loss of quality.  This gas combination is 
therefore recommended for modified atmosphere packaging of green beans stored at 8°C for 21 days.  
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